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This deliverable reports the beam-steering architecture implementation in the RAPID 5G. 
Various beam-steering antenna methods are reviewed and several are chosen for 
implementation. The construction of the antenna for each of the chosen methods and 
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1 Executive Summary 
7KLVGHOLYHUDEOHUHSRUWVDERXWWKHEHDPVWHHULQJDUFKLWHFWXUHLPSOHPHQWDWLRQLQWKH5$3,'








WKHVH YDULRXV DQWHQQDV DUH PHDVXUHG 7KH PHDVXUHPHQW UHVXOWV DUH UHSRUWHG DQG
FRPSDUHG ZLWK WKH GHVLUHG FKDUDFWHULVWLFV VSHFLILHG LQ WKH 5$3,' VXEV\VWHP DQG
FRPSRQHQWVSHFLILFDWLRQVGHOLYHUDEOH>@ 
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2 Definitions and abbreviations 
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3 Beam-steerable antennas in RAPID 
7KHEHDPVWHHUDEOHGLUHFWLRQDODQWHQQDVDUHDQHVVHQWLDOSDUWRI WKHZLUHOHVV OLQNZKHQ
RSHUDWLQJ DW PPZDYH IUHTXHQFLHV 7KH UHDVRQ IRU WKDW LV WKDW WKH FRYHUDJH IRRWSULQW
DFKLHYDEOH DW EURDGEDQG PPZDYH FKDQQHO LV VLPSO\ WRR VPDOO ZKHQ GHSOR\LQJ RPQL
GLUHFWLRQDODQWHQQDGXHWRWKHIUHHVSDFHORVV7KLVVHFWLRQGHVFULEHVWKHSRVLWLRQRIWKH
PPZDYHWUDQVFHLYHUDQGLWVEHDPVWHHULQJDQWHQQDLQWKHRYHUDOO5$3,'V\VWHP,QRUGHU
WRGR WKDW WKLVVHFWLRQGHVFULEHV WKHRYHUDOOV\VWHPIRU WKHVKRSSLQJPDOOVFHQDULRDQG
DWWHPSWWRSODFHWKHPPZDYHWUDQVFHLYHUDQGEHDPVWHHULQJDQWHQQDLQWKLVFRQWH[W 
$V RXWOLQHG LQ ' >@ RQH RI WKH NH\ DLPV RI WKH VKRSSLQJ PDOO ILHOG WULDO LV WR
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3DUDPHWHU 6SHFLILFDWLRQ &RPPHQWV 
%DQGRIRSHUDWLRQ *+]  













THTXRXANTTXANTdBSYS SNRkTBPGGG  10___ log10  





SdAdB 4log20 10 ZKHUHWKHZDYHOHQJWKODW*+]
LV URXJKO\ PP$VVXPLQJ WKH IUHHVSDFH ORVV LV HTXDO WR WKH V\VWHP JDLQ ZH JHW D
SURSDJDWLRQ GLVWDQFH G RI URXJKO\ P ZKLFK FOHDUO\ LV WRR VKRUW IRU GHFHQW FHOOXODU
FRYHUDJH 














FRYHUDJHGLVWDQFHKLJKHU WKDQP7KLVQXPEHU LV RIFRXUVH LQDFFXUDWH DV WKH IUHH
VSDFH ORVV IRUPXODGRHVQRWDFFRXQW IRU2[\JHQDEVRUSWLRQRU UDLQ LQGXFHGDEVRUSWLRQ
:KHQIDFWRULQJ2[\JHQDEVRUSWLRQRIG%.PDQGUDLQ LQGXFHGIDGLQJZKRVHVWUHQJWK
GHSHQGVRQWKHGHVLUHGDYDLODELOLW\ZHJHWWKHUHVXOWVVKRZQLQWKHJUDSKEHORZ 
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UHIOHFWRUDQGPLJKWFUHDWHGEORFNDJH WR WKH UDGLDWLRQ UHIOHFWHG IURP WKH UHIOHFWRU ,Q WKLV
PHWKRG WKHSRVLWLRQRI WKH UDGLDWLQJHOHPHQW RU HOHPHQWV GHWHUPLQHV WKHGLUHFWLRQ WKH
FRKHUHQW ZDYH IURQW HPDQDWLQJ IURP WKH DQWHQQD 7KH UDGLDWHG SDWWHUQ LV GHWHUPLQHG


































5.3 Travelling wave 
7UDYHOOLQJDQWHQQDDUHDQWHQQDV LQZKLFK WKHHOHFWURPDJQHWLFZDYHSURSDJDWHVZLWKRXW
UHIOHFWLRQVGXHWRWKHDQWHQQDEHLQJWHUPLQDWHG7KLVFUHDWHVDZHOOGHILQHGGLVWULEXWLRQRI
HOHFWULF DQG PDJQHWLF ILHOG ZLWKLQ WKH DQWHQQD ZKLFK LQ WXUQ HQDEOHV FRXSOLQJ WKH
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0HWDPDWHULDO DUH HQJLQHHUHG VXUIDFHV GHVLJQHG WR H[KLELW DQ HIIHFWLYH SHUPLWWLYLW\ DQG
SHUPHDELOLW\ZKLFKFDQEHWXQHGWRSRVLWLYHDQGHYHQQHJDWLYHYDOXHV6XFKWXQLQJDIIHFWV
WKH UHIUDFWLYH LQGH[ DQG FDQ EH GRQH E\ XVLQJ DFWLYH HOHPHQWV VXFK DV GLRGHV DQG
WUDQVLVWRUVRUXVLQJ0(06WHFKQRORJ\>@>@7KHFDSDELOLW\RIWXQLQJWKHUHIUDFWLYHLQGH[
HQDEOHV JHQHUDWLQJ UHIOHFWLYH RU WUDQVPLVVLYH VXUIDFHV ZKLFK FDQ GHIOHFW D SODQH ZDYH
LQFLGHQW XSRQ WKHP WKXV UHVXOWLQJ LQ EHDP VWHHULQJ DFWLRQ ZLWKRXW WKHXVH RI FRPSOH[
GHVLJQVIRUIHHGLQJDQGSKDVHVKLIWLQJQHWZRUNV$OWKRXJKWKLVWHFKQRORJ\LVSURPLVLQJLW
LVTXLWHQHZDQGQRWZLGHO\XVHGHVSHFLDOO\QRWLQWKHPPZDYHVSHFWUXPIUHTXHQF\UDQJH 
5.6 Liquid Crystal 
/LTXLGFU\VWDOSDQHOVFDQEHPDQXIDFWXUHGDWYHU\ORZFRVWGXHWRWKHLUH[WHQVLYHXVHDV
GLVSOD\GHYLFHLQYDULRXVLQGXVWULHV7KHOLTXLGFU\VWDOSDQHOKDVWKHFDSDELOLW\WKHFKDQJH





SHUIRUPDQFH+RZHYHU LW LV IDU IURPPDWXULW\DQGVWLOO UHTXLUHVFRQVLGHUDEOH UHVHDUFK LQ
RUGHUWRDSSO\LWLQWKHPPZDYHVSHFWUXPIUHTXHQF\UDQJH 
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6 Antenna design 
6.1 Travelling wave antenna (UDE) 
6.1.1 Operation principle of the passive PCB antenna 
7KHSURSRVHGSDVVLYH3&%DQWHQQDXVHV WKH WUDYHOOLQJZDYHFRQFHSW ,W LVEDVHGRQD
OHDN\ZDYHVXEVWUDWHLQWHJUDWHGZDYHJXLGHFRQVLVWLQJRIDSHULRGLFDUUD\RI1XQLWFHOOV
7KHXQLWFHOO LVD6,:GHVLJQHGIRUD ORZHUFXWRII IUHTXHQF\RI*+]IURPZKLFKWZR
UHFWDQJXODUVORWVDUHUHPRYHGRIIWKHWRSPHWDOSODQHWRFUHDWHDSODQDUGLSROH7KHSULQWHG
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6.1.2 Physical construction of the passive PCB antenna 
7KHDQWHQQDKDVEHHQIDEULFDWHGXVLQJ5RJHUV57GXURLGODPLQDWHDQGVWDQGDUG











6.2 Beam switching antenna (Siklu) 















7KHGLDJUDPEHORZSURYLGHVDVFKHPDWLF LOOXVWUDWLRQ WR WKH OHQVDVVLVWHGEHDPVWHHULQJ
FRQFHSW 
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6.2.2 Physical construction 
7ZRDQWHQQDFRQVWUXFWLRQVEDVHGRQWKHEHDPVZLWFKLQJFRQFHSWZHUHH[DPLQHGLQRUGHU
WR WHVW DQG GHPRQVWUDWH WKH EHDP VWHHULQJ RSHUDWLRQ 7KH ILUVW FRQVWUXFWLRQ KDV WKH
UDGLDWLQJHOHPHQWVRQD3&%PDWHULDOEDVHGVXEVWUDWHVXFKWKDWWKHUDGLDWLQJHOHPHQWV




6.2.2.1 PCB based construction 
7KH3&%EDVHGFRQVWUXFWLRQHQDEOHVHYDOXDWLQJ WKHSHUIRUPDQFHRI UDGLDWLQJHOHPHQWV
LPSOHPHQWHGRQVRIWRUJDQLFODPLQDWHVZKLFKDUHODPLQDWHGWRJHWKHUXVLQJVWDQGDUG3&%
PDQXIDFWXULQJ SURFHVV 7KH 3&% SURFHVV LV FRPPHUFLDOO\ FKHDS DQG KDV FHUWDLQ
OLPLWDWLRQVZLWKUHJDUGVWRIHDWXUHVL]HDQGDFFXUDF\7KHUDGLDWLQJHOHPHQWVDUHGLUHFWO\
FRQQHFWHG WRDZDYHJXLGH LQWHUIDFH WKXVDQH[DFWSRZHU OHYHOFDQEH LQMHFWHG LQWR WKH
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6.2.2.2 LTCC based construction 







VDPH ODPLQDWH ZLWK DQ LQWHUIDFH WKDW HQDEOHV PHDVXULQJ LWV RXWSXW SRZHU E\ XVLQJ
GHGLFDWHG PPZDYH SUREHV 8VLQJ WKLV PHWKRG WKH SUREOHP WKDW ZH FDQQRW H[FLWH WKH
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UDGLDWLQJHOHPHQWVZLWKDQH[DFWSRZHUOHYHOLVVRPHZKDWRYHUFRPHDVZHFDQPHDVXUH
WKHSRZHUOHYHOIURPWKHVHFRQGDU\5),&DQGDVVXPHLWLVFORVHWRWKHSRZHUOHYHOIURPWKH







32 radiating elements Secondary RFIC for testing
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6.3 Electro-optical beam-steering antenna (Osaka) 
6.3.1 Principle of operation 
7KHHOHFWURRSWLFDO DQWHQQDZLOO EH UHSRUWHG LQGHWDLO LQ'+RZHYHU WKHSULQFLSOHRI
RSHUDWLRQ LV DOUHDG\ H[SODLQHG KHUH WR JLYH D FRPSUHKHQVLYH RYHUYLHZ RI WKH FKRVHQ
WHFKQRORJ\ 
 





LQWHUHVWLQJ EHDP IRUPLQJ FKDUDFWHULVWLFV 7KH $$((2 PRGXODWRUV FDQ UHFHLYH 00:
ZLUHOHVV VLJQDOV DQG FRQYHUW WKHP WR RSWLFDO VLJQDOV ZLWKRXW H[WHUQDO SRZHU VXSSO\ ,Q















XVHG IRU GRXEOLQJ 6'0 FKDQQHOV 7KHQ WKH PRGXODWLRQ HIILFLHQF\ IRU WKH OLJKWZDYH
SURSDJDWLQJ DORQJ \ GLUHFWLRQ LQ WKH RSWLFDO ZDYHJXLGH LQWURGXFHG WKHHYHQV\PPHWULF
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URWDWRU WKDQ FDQ URWDWH ERWK LQ WKH D]LPXWK DQG HOHYDWLRQ D[LV $ UHFHLYLQJ DQWHQQD
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8 Design verification results 
8.1 Travelling wave antenna (UDE) 




5)VRXUFH WKDW GHPRQVWUDWH WKHEHDPVWHHULQJFDSDELOLWLHVRI WKHDQWHQQDDV VKRZQ LQ
)LJXUH 
 
$IWHU FRQILUPLQJ WKH IXQFWLRQDOLW\ RI WKH DQWHQQD IXUWKHU PHDVXUHPHQWV KDYH EHHQ





JDLQRIWKHWUDYHOOLQJZDYHDQWHQQDDW *+]UHG *+]EODFNDQG *+]EOXH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8.2 Beam switching antenna (Siklu) 
8.2.1 PCB based construction 
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8.2.1.2 Radiating element return loss 
7KHJUDSKEHORZVKRZV WKHPHDVXUHG UHWXUQ ORVVRI WKH UDGLDWLQJHOHPHQWVDFURVV WKH
IUHTXHQF\RSHUDWLRQUDQJH7KHUHWXUQORVVILJXUHVDWIUHTXHQFLHVEHORZ*+]WHQGWREH
ORZHUWKDQG%ZKLFKPHDQVWKDWPRUHWKHQRIWKHSRZHULQMHFWHGLQWRWKHUDGLDWLQJ






8.2.1.3 Single beam frequency response 
7KH JUDSK EHORZ VKRZV WKH PHDVXUHG JDLQ RI D VSHFLILF EHDP DFURVV WKH IUHTXHQF\
RSHUDWLRQUDQJHRIWKHDQWHQQD,WFDQEHREVHUYHGWKDWEHORZ*+]WKHDQWHQQDJDLQLV
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8.2.2 LTCC based construction 
8.2.2.1 Individual beam patterns 
7KH/7&&EDVHGFRQVWUXFWLRQGRHVQRWHQDEOHGLUHFWDWWDFKPHQWWRWKHUDGLDWLQJHOHPHQWV
,QVWHDGWKHHOHPHQWVDUHGULYHQE\WKH5),&9DULDWLRQVLQWKHSRZHUGULYHQE\WKH5),&
SHU HOHPHQW H[LVW DV ZHOO DV YDULDWLRQ LQ WKH WUDFH OHQJWK FRQQHFWLQJ WKH 5),& WR WKH





WUDFHZLUHFRQQHFWLQJ WKH UDGLDWLQJHOHPHQW WR WKH5),&SRUW W\SLFDODWWHQXDWLRQRQ WKH
/7&&LVaG%FP 
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)URP WKH JUDSKV DERYH LW PD\ EH FRQFOXGHG WKDW WKH KRUL]RQWDO VFDQQLQJ UDQJH RI WKH
DQWHQQDZRXOGEHDERXWrqWRWKHG%LSRLQW7KHWRSURZJUDSKZDVPHDVXUHGDWq
HOHYDWLRQDQJOHZKLOHWKHERWWRPURZJUDSKZDVPHDVXUHGDWqHOHYDWLRQWKXVWKHYHUWLFDO






8.3 Theoretical System Evaluation of Switched Beam Antenna Performance (Kent) 
7KHREMHFWLYHRIWKLVVHFWLRQLVWRGHYHORSDWKHRUHWLFDOHVWLPDWHWKHV\VWHPSHUIRUPDQFHRI
6LNOX¶V EHDPVWHHULQJ V\VWHP LQ WHUPV RI VSHFWUDO HIILFLHQF\ EV+] DQG HUURUYHFWRU
PDJQLWXGH (90 7KH DSSURDFK DGRSWHG ZDV WR PRGHO D V\VWHP ZKLFK FDQ UHSOLFDWH













x /DVWO\ LQ RUGHU WR HYDOXDWH WKH HUURU YHFWRU PDJQLWXGH (90 D PRGHO ZDV
GHYHORSHGLQ6,08/,1.IRUDQ2)'0WUDQVPLWUHFHLYHV\VWHP 
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8.3.1 Beam-Pattern Generation, Steering Action and BER Analysis 
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WKH UHPDLQLQJ EHDPV EHLQJ WUHDWHG DV LQWHUIHUHQFH DQG WKH FRUUHVSRQGLQJ 6LJQDOWR
,QWHUIHUHQFH1RLVH5DWLR6,15LVREWDLQHG)RUDQ1EHDPV\VWHP6,15IRUWKHLWKEHDP











D321: Report on beam steerable directive antennas 
 
Page 36 of 40         RAPID5G Consortium 
,QFDOFXODWLQJWKHVSHFWUDOHIILFLHQF\RIWKH4$0PRGXODWHG*UD\HQFRGHGGDWDVWHDP
PRGXODWLRQLQGH[. DFKLSUDWHRI& *ESVDW(E1R G%ZLWKFKDQQHOEDQGZLGWK
% *+]JLYHV 
 








WKH XVHU LV ZLWKLQ WKH FRYHUDJH DUHD RI DQ\ VSHFLILF EHDP 7KLV GHPRQVWUDWHV EHDP
VZLWFKLQJDFWLRQLQDQLQWHUIHUHQFHOLPLWHGVFHQDULR 
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8.4 Electro-optical beam-steering antenna (Osaka) 
7KHHOHFWURRSWLFDODQWHQQDZLOOEHUHSRUWHGLQGHWDLOLQ'+RZHYHUSUHOLPLQDU\UHVXOWV
DUHDOUHDG\SURYLGHGKHUHWRJLYHDFRPSUHKHQVLYHRYHUYLHZRIWKHFKRVHQWHFKQRORJ\ 
$ SUHOLPLQDU\ H[SHULPHQW IRU 6'0 FKDQQHO GLVFULPLQDWLRQ ZDV GRQH E\ XVLQJ DQ
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9 Concluding remarks 
6HYHUDOGLIIHUHQWPHWKRGVDQGFRQVWUXFWLRQVRI'DQG'EHDPVWHHULQJDQWHQQDKDYH
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